Abstract -Pretreatment with an uncompetitive NMDA receptor antagonist, dizocilpine [( + )MK-801; six daily injections of 0.1 or 0.2 mg/kg, i.p.] significantly enhanced subsequent 1.5 g/kg ethanol-induced conditioned taste aversion (CTA). In a control experiment, dizocilpine (0.05-0.2 mg/kg) produced only a marginal CTA. Thus, pre-exposure to low, non-aversive doses of MK-801 may sensitize rats to the aversive stimulus effects of ethanol.
INTRODUCTION
A large body of experimental evidence indicates that NMDA receptors may contribute to acute ethanol intoxication and withdrawal syndrome (Danysz et al, 1992; Grant, 1994) . Furthermore, data from operant drug discrimination studies reveal that the discriminative stimulus effects of ethanol are mediated at least in part by reduction of NMDA receptor conductance. Both competitive (e.g. CPPene, CGP40116) and uncompetitive [e.g. dizocilpine , phencyclidine] NMDA receptor antagonists have been shown to produce either full or partial substitution for ethanol in rats (Schechter et al, 1993; Grant, 1994; Bienkowski et al., 1996) .
A cross-familiarization conditioned taste aversion (CF-CTA) procedure has been proposed as an alternative method for assessing stimulus similarities between drugs (De Beun et al., 1993 . In the CF-CTA procedure, the aversive conditioning induced by a given substance is weakened by a *Author to whom correspondence should be addressed at: Department of Pharmacology and Physiology of the Nervous System, Institute of Psychiatry and Neurology, ul. Sobieskiego 1/9. PL-02957 Warsaw, Poland.
pre-exposure to another substance with similar stimulus effects (Hunt and Amit, 1987; De Beun et al., 1993) . [Importantly, other explanations of the cross-familiarization phenomenon, e.g. cross-tolerance, have also been considered (Switzman et al., 1981; Hunt and Amit, 1987; De Beun et al., 1996) .] Using this technique, we have found recently that nicotine pretreatment completely eliminates subsequent ethanol-induced CTA in rats. In contrast, nicotine does not substitute for the ethanol cue in the two-lever drug discrimination procedure (Bienkowski et al., 1998) .
In order to extend our previous findings from the operant drug discrimination test (Bienkowski et al., 1996) and to validate the CF-CTA procedure, we decided to use this model for studying the role of NMDA receptors in ethanol cueing effects. In our CF-CTA procedure, rats received six daily injections of MK-801 before subsequent taste aversion conditioning with ethanol. MK-801 was also tested in a standard CTA paradigm to assess its possible aversive stimulus effects. Doses of MK-801 used in the present study have been shown to substitute for ethanol in the operant drug discrimination procedure (Schechter et al, 1993; Bienkowski et al, 1996) .
MATERIALS AND METHODS
Male Wistar rats (280-330 g; HZL, Warsaw, Poland) were kept under constant laboratory conditions at 22 ± 1°C, 50% relative humidity, and a 12 h light-12 h dark cycle (lights on at 07:00). The animals were housed singly in wire cages (20 x 25 x 28 cm) with two 100-ml drinking tubes mounted at the front. The liquids available in the tubes are described below. Standard lab chow (Bacutil, Poland) was available ad libitum. All experiments were conducted between 10:00 and 13:00.
MK-801 -induced conditioned taste aversion (CTA) -dose-response experiment
The animals were randomly assigned to one of four experimental groups (n = 7-8 rats each) differing in the treatment received after the conditioning sessions (CSs). The CTA procedure was essentially the same as that used in our previous study (Bienkowski et al., 1997) . During the training period, the animals received tap water for 20 min/24 h. After six daily training sessions, the water intake stabilized and CSs started. CSs consisted of 20 min access to 0.1% (w/v) saccharin solution (saccharin sodium salt; Aldrich, Gillingham, UK) in place of water. The volume (ml) of saccharin consumed was measured for each rat. Depending on the group, the rats were injected i.p. with (+)MK-801 (0.05, 0.1 or 0.2 mg/kg, salt form; RBI, Natick, MA, USA) or saline (0.9% w/v NaCl) immediately after the CS. MK-801 was dissolved in saline and administered in a volume of 1.0 ml/kg. The CSs were repeated every 48 h. On the intervening days the animals had access to tap water for 20 min and no drugs were administered. Twenty-four hours after the fifth CS, two-bottle tests (TBTs) started. During the TBTs the subjects had unlimited access to both water and saccharin solution for 20 min. There were three TBTs repeated every 24 h. Preference (%) of saccharin was calculated for each rat as a ratio of saccharin consumption to total fluid intake (saccharin + water).
Ethanol-induced CTA after MK-801 pretreatment -CF-CTA procedure
Before the start of the experiment, the subjects were assigned randomly to six experimental groups (n = 5-9 rats each) which differed in the treatment received during the training period and CSs: S-S; MK 1-S; MK 2-S; S-E; MK 1-E; and MK 2-E (S, saline; E, ethanol; MK, MK-801). Groups pretreated with ethanol during the training period were not included in the present study, as we have repeatedly shown that either four or six 1.5 g/kg ethanol injections completely eliminate subsequent ethanol-induced CTA (Bienkowski et al., 1998; P. Bienkowski et al., in preparation) . During the 6 day training period, MK-801 (0.1 or 0.2 mg/kg) or saline were injected daily at least 1 h after the 20 min water drinking session. During the CS, the animals received an i.p. injection of 1.5 g/kg ethanol or saline immediately after the 20 min saccharin drinking session. Ethanol solution (10% v/v) was prepared from 96% stock solution and saline. TBTs were performed as described above (see also De Beun etal, 1996; Bienkowski et al., 1997) .
Statistical analysis of results
Data from the dose-response experiment were compared by a two-way ANOVA (treatment x session) with repeated measures on CSs or TBTs. A three-way ANOVA (pretreatment x treatment x session) with repeated measures was performed on data from the CF-CTA procedure. The Newman-Keuls test was used for individual post-hoc comparison.
RESULTS

MK-801 -induced conditioned taste aversion (CTA) -dose-response experiment
The ANOVA on the data from the CSs (Fig. 1 , top) revealed a significant effect for session: F(4,122)= 16.05, P< 0.001, and a significant treatment x session interaction: F{\2,\22) = 2.42, P < 0.01. The significant interaction was caused mainly by a marked increase in saccharin consumption in the saline-treated group. The effect of treatment was not significant: F(3,29)= 1.93, P = 0.\4. Post-hoc analysis did not reveal any significant differences between the groups. The ANOVA on the data from TBTs showed only a significant effect of treatment: F(3,28) = 6.85, P < 0.01. Rats in the 0.2 mg/kg MK-801 treatment group significantly decreased their saccharin preference, although they still preferred saccharin solution (>55%) over water (Fig. 1, bottom) . 
Ethanol-induced CTA after MK-801 pretreatment -CF-CTA procedure
The separate ANOVA on the data from the MK 1-S and the MK 2-S groups showed that prior treatment with MK-801 did not affect subsequent saccharin drinking (F < 1.6, P > 0.2; data not shown). For this reason, the data from the S-S, the MK 1-S, and the MK 2-S groups were pooled for subsequent analysis.
The ANOVA for the CSs revealed a signifi cant effect of pretreatment [^(2,40) = 3.48, P < 0.05] and treatment [F(l,40) = 49.12, P < 0.001]. Some interactions were also significant [pretreatment x session: F(6,120) = 4.17, P < 0.01; treatment x session: F(3,120) = 43.20, P < 0.001; pretreatment x treatment x session: F(6,120) = 3.37, P<0.05]. Neither a session effect [F(3,120) = 2.16, P = 0.0\] nor a pretreatment x treatment interaction [F(2,40) = 1.82, ^ = 0.17] was significant. Every group treated with ethanol reduced their saccharin intake when compared to the S-S group. In addition, the MK 1-E and the MK 2-E group drank significantly less saccharin than the S-E group during CSs 3 and 4 (Fig. 2, top) . The ANOVA on the TBT data revealed a significant effect of treatment: F( 1,40) = 69.07. P < 0.001 by guest on November 7, 2016 Downloaded from and session: F(2,80) = 4.18, P < 0.05. Only a pretreatment x treatment interaction was significant. F(2,40) = 3.63, P < 0.05. All groups treated with ethanol reduced their saccharin preference. In addition, both the MK 1-S and the MK 2-S groups had significantly lower saccharin preference than the S-E group (Fig. 2, bottom) .
DISCUSSION
Rather unexpectedly, MK-801 pretreatment resulted in a significant enhancement of the subsequent ethanol-induced CTA in the present study. Thus, repeated MK-801 administration sensitized rats to the aversive stimulus effects of 1.5g/kg ethanol. MK-801 was almost devoid of the aversive stimulus properties as revealed by the separate dose-response experiment.
If one agrees that the CF effect is based on the stimulus similarities between substances, then an apparent contrast exists between the results of the drug discrimination and the CF-CTA studies with ethanol. For example, morphine, nicotine or the Ca 2+ channel blocker, nimodipine have all been reported to attenuate ethanol-induced CTA in the CF-CTA procedure, but not to substitute for ethanol in the drug discrimination test (Winter, 1975; Ng Cheong Ton and Amit, 1983; De Beun et al, 1996; Bienkowski et al., 1998) . In addition, MK-801, while able to substitute for ethanol, enhanced rather than diminished the ethanolinduced CTA in the present study. Clearly, at least in the case of ethanol there is no correlation between the results from the CF-CTA and the drug discrimination procedure.
The fact that MK-801 increases subsequent ethanol-induced CTA requires some consideration. Obviously, several mechanisms might be involved in this interaction, since both MK-801 and ethanol affect many transmitter systems in the brain (Samson and Harris, 1992; Mathe et al., 1996) . An increase in the extracellular level of dopamine (DA) has been strongly implicated in the acute behavioural effects of both substances and intact DA transmission has been shown to be critically important for the ethanol-induced CTA (Hunt and Amit, 1987; Samson and Harris, 1992; Mathe et al., 1996) . Thus, MK-801-induced adaptive changes in DA transmission might be responsible for the enhancement of the CTA produced by ethanol in our study. Notably, chronic treatment with MK-801 increased D 2 receptor density (Micheletti et al., 1992 ; but see also Gandolfi and Dall'Olio, 1993) and some behavioural responses to Di and D 2 receptor agonists in the rat (Mele et al., 1995) .
It is not known at present whether repeated MK-801 administration might alter any other behavioural effects of ethanol. Future studies will determine if MK-801 pretreatment will also affect the positive reinforcing properties of ethanol in rats.
